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CHAPTER 1 INTRODUCTION 
This report presents the findings and updated recommendations for the 2025 Sewer Master Plan Update 
(Master Plan Update) for the City of Vista (City/Vista) and Buena Sanitation District (District/Buena). The 
report will provide an overview of the sewer collection system and identify recommended capital 
improvement projects necessary to meet both current system conditions as well as projected future 
conditions. 

This Chapter presents a summary of the City’s and District’s need for this Master Plan Update, the 
background, purpose and objectives, description of the study area, and overview of the report 
organization. 

1.1 Background 
Vista is a medium-sized city located in San Diego County, on the western side of the San Marcos 
Mountains. The City is located along the 78 freeway, approximately seven miles inland from the Pacific 
Ocean. The City limits comprise of approximately 18.7 square miles. The District’s boundary overlaps with 
the City limits on the south and extends further inland to the San Marcos Mountains. The District limits 
comprise of approximately 8.23 square miles. 

Figure 1.1 presents a location map of the City and District. 

1.2 Wastewater Collection System Overview 
The City and District collect wastewater from residential, commercial, and industrial customers within the 
Vista and Buena limits. Vista’s collection system consists of approximately 216 miles of gravity sewer 
ranging from 4 to 36 inches in diameter. The District, an entity of the City, maintains a collection system 
consisting of approximately 101 miles of gravity sewer ranging from 4 to 30 inches in diameter. 

The overall system consists of four pump stations. While all pump stations within the collection system are 
operated and maintained by Encina Wastewater Authority (EWA), the City owns one small pump station 
(Raceway Pump Station) and jointly owns two large pump stations with the City of Carlsbad (Buena Vista 
Pump Station and Agua Hedionda Lift Station), and the District owns one large pump station (Buena 
Creek Pump Station). 

Wastewater flow in Vista is collected and conveyed through the Vista/Carlsbad (V/C) interceptor to the 
Buena Vista pump station, which pumps to the Agua Hedionda pump station, and wastewater flow in 
Buena is collected and conveyed through the Buena outfall. Both the Agua Hedionda pump station and 
Buena outfall discharge to the Encina Water Pollution Control Facility (EWPCF), which treats wastewater 
from Vista, Buena, City of Carlsbad, City of Encinitas, Vallecitos Water District (VWD), and Leucadia Water 
District. 

A more detailed description of the wastewater collection system is presented in Chapter 5. 
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1.3 Organizational History 
As part of normal planning and system operation, the City/District has prepared Master Plan documents 
on a regular cadence since the early 1980s. A list of the historical documents is provided below: 

 Master Plan of Sewerage, March 1982, prepared by Frazer Wilson and Associates. 

 Master Plan of Sewerage, May 1993, prepared by Wilson and Associates. 

 Sewer Master Plan Update, January 2008, prepared by Dudek. 

 Sewer Master Plan Update, August 2017, prepared by HDR. 

Based on text within these previous documents, as well as other more recent documents provided by the 
City, the organizational history of the Vista/Buena sewer collection system is provided below. 

1.3.1 City of Vista 
The Vista Sanitary District, established in 1928 to serve downtown Vista, transitioned to a Sanitation 
District in 1946 under the County of San Diego (County) Board of Supervisors. Upon Vista's incorporation 
in 1963, the City Council assumed governance. A Joint Powers Agreement (JPA) with Carlsbad in 1965 
enabled connection to the EWPCF. The District dissolved in 1983, with the City assuming all 
responsibilities and establishing an enterprise fund for sanitation operations. 

1.3.2 Buena Sanitation District 
Originally governed by the County Board of Supervisors, the District connected to the EWPCF in 1965. 
Following restructuring in 1983, the Board of Directors shifted to a three-member composition with 
representation from both the County and Vista City Council. By 1998, population shifts led to the City's full 
control of the Board. To serve surrounding communities, the City/District established service agreements 
with neighboring entities, including San Marcos, Carlsbad, and the EWA. 

1.3.3 Encina Wastewater Authority 
In 1961, the Vista Sanitation District and Carlsbad established a JPA for the development of a sub-regional 
sewer system. When Vista was incorporated in 1963, they also become a member of the JPA. By 1971, four 
additional partners had joined the JPA, thereby establishing the EWA. 

These six agencies, comprising Carlsbad, Vista Sanitation District, Encinitas, VWD, and Leucadia 
Wastewater District, share operational costs through the JPA. From 1963 to 1979, the County provided 
management services for the JPA, overseeing the construction of the EWPCF in 1965, with subsequent 
expansions in 1971 and 1975. 

From 1979 to 1988, management responsibilities were transferred to Leucadia Wastewater District, which 
directed a further expansion of the EWPCF in 1988. This period also saw the establishment of the Encina 
Administrative Agency, later renamed the EWA, to manage facility operations. 

Further expansions of the facility occurred in 1992 and 2009. In 2016, the EWPCF processed 20.76 million 
gallons per day (mgd), with contributions of 26 percent and 7 percent from Vista and the District, 
respectively. 
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1.3.4 Study Purpose, Scope, and Authorization 
The City and District have retained Carollo Engineers (Carollo) to prepare a Master Plan Update to 
evaluate the City and District’s wastewater systems. This Master Plan Update will provide strategic 
guidance and justification for system improvements for capital projects and system operations of 
wastewater systems. Overall, the Master Plan Update will assist the City and District in their approach to 
optimize their collection system operations, maximize use of existing pipelines, and focus spending in key 
areas that need capacity upgrades. 

The scope of services included the following main tasks: 

 Task 1 - Project Management and Coordination. 

 Task 2 - Data Collection and Review. 

 Task 3 - Planning Criteria and Wastewater Flow Projections. 

 Task 4 - Hydraulic Model Development and Calibration. 

 Task 5 - System Evaluation and Capital Improvement Plan. 

 Task 6 - Master Plan Report. 

1.4 Report Organization 
The Master Plan Update contains seven chapters, followed by appendices that provide supporting 
documentation for the information presented in this report. The chapters are briefly described below: 

 Chapter 1 - Introduction: 

» This chapter presents the need for this Master Plan Update and the objectives of the study. 

 Chapter 2 - Study Area: 

» This chapter presents a description of the study area, defines the planning horizon, and 
summarizes the land use classifications and future development of the study area. 

 Chapter 3 - Planning and Evaluation Criteria: 

» This chapter presents the planning criteria and methodologies for the analysis used to evaluate 
the City's existing wastewater collection system and associated facilities, which are utilized to 
identify existing system deficiencies and to size future improvements. 

 Chapter 4 - Wastewater Flows: 

» This chapter summarizes the existing and projected wastewater flows for the City’s wastewater 
collection system. Flow data obtained as part of the temporary flow monitoring program are also 
presented. 

 Chapter 5 - Wastewater Collection System Facilities and Hydraulic Model: 

» This chapter describes the development and calibration of the City’s wastewater collection system 
hydraulic model. A summary of the modeled components is also included. 

 Chapter 6 - Capacity Evaluation and Proposed Improvements: 

» This chapter discusses the hydraulic evaluation of the wastewater collection system and the 
proposed projects that correct existing capacity deficiencies and serve future users. 
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 Chapter 7 - Capital Improvement Plan: 

» This chapter presents the capital improvement plan (CIP), a summary of the capital costs, and a 
basic assessment of the possible financial impacts. 

In addition to this master plan report, the following deliverable has also been completed and provided to 
the City as part of this project and are included as appendices to this report: 

 Flow Monitoring Report (Appendix A): 

» The flow monitoring report was completed by K-Flow Solutions (K-Flow) and documents the 
findings of the collection system flow monitoring program that was conducted in 2024. 

1.5 Reference Material 
The following documents were referenced in the preparation of this Master Plan Update: 

 Vista’s Underground Utilities geographic information system (GIS) database and record drawings. 

 City of Vista Sewer Master Plan, August 2017. 

 Inter-agency agreements. 

 Vista’s Sustainable Growth Alternative from the 2050 General Plan Update (currently being 
completed). 
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CHAPTER 2 STUDY AREA 
This chapter outlines the planning area for the City and Buena wastewater collection system, defines land 
use classifications, and describes the planned development within the service area. 

2.1 Study Area 
The sewer study area consists of the City limits, as well as the District limit, and portions of unincorporated 
San Diego County within the City's sphere of influence. The City and District limits overlap, as shown on 
Figure 2.1. Additionally, a small portion of the City of San Marcos is served by the District's collection 
system. The terms "study area" and "service area" are used interchangeably throughout this Master Plan 
Update and refers to the total service area which includes City limits, District limits, the small area of 
San Marcos that is served by the District, and the portions of unincorporated San Diego County within the 
City's sphere of influence. 

2.2 Planning Horizon 
This Master Plan Update is intended to serve as a guiding document for the planning and implementation 
of sewer system improvements to address capacity constraints and accommodate future growth within 
the service area through 2050. For the purposes of this study, the 2050 planning year is synonymous with 
buildout (BO). 

2.3 Climate and Topography 
Table 2.1 summarizes the study area's climate. The service area's climate is categorized by hot, dry 
summers, relatively mild winters, and relatively modest changes in temperature throughout the year. The 
City receives approximately 12.64 inches of rain annually, with over 70 percent falling between December 
and March. The service area's elevation ranges from approximately 190 feet in the western portion of the 
City to approximately 1,340 feet in the northwestern portion of the District. Figure 2.2 shows a map of the 
study area topography.  
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Table 2.1 Study Area Climate 

Month 
Average Temperature(1) (Degrees Fahrenheit) Average Total Precipitation(1) 

(inches) Minimum Maximum 
January 45.5 68.1 2.37 
February 45.0 67.5 2.42 
March 47.9 68.9 1.48 
April 50.2 71.5 0.95 
May 55.1 71.7 0.51 
June 58.9 76.2 0.05 
July 63.1 80.8 0.14 
August 63.7 82.0 0.05 
September 61.6 82.6 0.13 
October 56.3 78.4 0.64 
November 50.0 73.5 1.24 
December 45.2 66.9 2.66 
Average or Total 53.5 74.0 12.64 

Notes: 
(1) Source: National Oceanic and Atmospheric Administration (NOAA) U.S. Climate Normals Quick Access (Vista, California 

2006-2020 average). 

2.4 Land Use 
Land use information is an integral component in determining the wastewater generation within a given 
service area. The type of land use in an area will affect both the volume and character of the wastewater 
produced. Adequately estimating wastewater flow from various land use types is important in sizing and 
maintaining effective collection system facilities. 

The City is currently in the process of completing a comprehensive General Plan Update through the year 
2050. The sustainable growth alternative land use assumptions were used for the purpose of this Master 
Plan Update. This growth alternative assumes that each parcel within the City's sphere of influence is at 
65 percent full density in the year 2050. 

Figure 2.3 shows the proposed land use based on the general plan. Table 2.2 provides a summary of the 
land use assumptions for parcels within the City limits, and Table 2.3 provides a summary of the land use 
outside of the City limits, but within the sphere of influence. 

The General Plan only encompasses projected land use for parcels within the City's sphere of influence. 
There is a portion of Buena that is outside of the City's sphere of influence, and therefore, other sources of 
land use information were used for those portions of the service area. The County's projected 2050 land 
use data was used for these areas. Figure 2.4 shows the projected land use for areas outside of the City's 
sphere of influence, but within the service area. This includes areas within San Marcos and the VWD that 
are served by Buena. 

The land use categories from the County's data were slightly different than the City's land use categories. 
Density assumptions were made for the County's data, similar to those used by the City. A summary of the 
land use data for the areas outside of the City's sphere of influence is presented in Table 2.4.  
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Figure 2.4  Service Area Land Use (Outside of City Sphere of Influence)
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Table 2.2 City Limits Land Use Summary 

City Parcel BO Number of 
Parcels Net Acres (65%) Residential 

Density (DU/acre) 
Non-Residential 

Intensity 
Residential BO 

(DU) 
Non-Residential 

BO (sq ft) 
Unallocated 20 2     
Civic Activity (CA) 65 243     
Commercial Office (CO) 25 27  0.8  879,744 
Commercial Service (CS) 19 16  0.8  517,543 
General Commercial (GC) 215 224  0.8  7,330,995 
High Density Residential (HD) 504 342 21  7,182  
Industrial General (IG) 145 133  0.5  2,897,402 
Low Density Residential (LD) 2,472 1,194 2  2,389  
Medium Density Residential (MD) 5,913 772 10  7,720  
Medium High Density Residential (MHD) 1,164 279 15  4,179  
Medium Low Density Residential (MLD) 6,879 1,428 5  7,139  
Mixed Use Corridor (MU-C) 533 247 45 0.0 11,127 215,419 
Mixed Use General (MU-G) 482 155 80 0.1 12,419 676,220 
Neighborhood Commercial (CN) 96 84  0.8  2,750,577 
Open Space (OS) 171 405     
Open Space Residential (OSR) 63 60 0.4  24  
Parks and Recreation (PR) 64 323     
Railroad Right-of-Way (RR ROW) 29 35     
Research Light Industrial (RLI) 365 555  0.5  12,091,260 
Rural Residential (RR) 183 190 1  190  
City Subtotal 19,407 6,716   52,369 27,359,161 

Notes: 
DU - dwelling unit; sq ft - square feet 
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Table 2.3 City Sphere of Influence (Outside of City Limits) Land Use Summary 

City Parcel BO Number of 
Parcels Net Acres (65%) Residential 

Density (DU/acre) 
Non-Residential 

Intensity 
Residential BO 

(DU) 
Non-Residential 

BO (sq ft) 
Unallocated 0 0     
Civic Activity (CA) 3 6     
Commercial Office (CO) 0 0  0.8  0 
Commercial Service (CS) 0 0  0.8  0 
General Commercial (GC) 46 13  0.8  410,150 
High Density Residential (HD) 99 96 21  2,013  
Industrial General (IG) 0 0  0.5  0 
Low Density Residential (LD) 88 43 2  85  
Medium Density Residential (MD) 792 197 10  1,974  
Medium High Density Residential (MHD) 323 87 15  1,308  
Medium Low Density Residential (MLD) 257 215 5  1,076  
Mixed Use Corridor (MU-C) 0 0 45 0.0 0 0 
Mixed Use General (MU-G) 0 0 80 0.1 0 0 
Neighborhood Commercial (CN) 0 0  0.8  0 
Open Space (OS) 0 0     
Open Space Residential (OSR) 0 0 0.4  0  
Parks and Recreation (PR) 0 0     
Railroad Right-of-Way (RR ROW) 1 3     
Research Light Industrial (RLI) 0 0  0.5  0 
Rural Residential (RR) 2,894 2,218 1  2,218  
City Subtotal 4,503 2,878   8,674 410,150 
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Table 2.4 Service Area Land Use Summary (Outside of City Sphere of Influence) 

Land Use Category Number of 
Parcels 

Area (acres) Residential Density 
(DU/acre)(1) 

Non-Residential 
Intensity 

Residential BO 
(DU) 

Non-Residential 
BO (sq ft) 

Industrial Park 45 57.7 - 0.5  1,255,871 
Intensive Agriculture 2 0.8 -    
Landscape Open Space 7 1.9 -    
Light Industry - General 10 28.4 - 0.5  618,874 
Mobile Home Park 5 28.7 10  288  
Multi-Family Residential 18 30.1 21  632  
Single Family Detached 341 221.8 10  2,219  
Single Family Multiple-Units 123 37.2 15  558  
Single Family Residential 175 268.7 10  2,687  
Spaced Rural Residential 440 878.5 1  879  
City Subtotal 1,166 1,553.8   7,263 1,874,744 

Notes: 
(1) Densities were assumed based on similar land use type from the Sustainable Growth Alternative. 
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2.4.1 Future Growth 
There are several components that contribute to the increase in wastewater flow in the future, including 
development of vacant land, density increases of existing developed areas, and the addition of accessory 
dwelling units (ADUs). In recent years, various housing laws have been passed in the state of California. 
Senate Bill 9, also known as the California Housing Opportunity and More Efficiency Act, allows 
homeowners to build more housing on their property. This would allow a homeowner to build an ADU on 
their property. Additionally, a density bonus law was introduced, which allows developers to have up to a 
50 percent increase in density for projects that include affordable and/or senior housing, and up to an 
80 percent increase in density for completely affordable housing projects. Both housing laws have an 
impact on future development within the City and District. However, it is our understanding that the 
2050 General Plan Update prediction of 65 percent population density in 2050 accounts for these 
variables in its assumption and is, therefore, a good basis for BO sewer flows. 

Currently, there are approximately 6,970 acres of developed land within the service area and 
approximately 6,640 acres of undeveloped or unconnected (septic) land within the service area. A large 
portion of the unconnected areas are areas that are currently on septic and are outside of the City and 
District boundary and inside the sphere of influence. As stated previously, future growth was determined 
using the sustainable growth alternative, which assumes 65 percent population density. Figure 2.5 shows 
the vacant and unconnected land within the system. 

There are some locations where flows enter the system from other agencies (including the City of 
Oceanside and City of Carlsbad). The future scenario does not include any increase in flows from these 
outside areas. 
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CHAPTER 3 PLANNING AND EVALUATION CRITERIA 
This Chapter summarizes the planning criteria and methodologies used to evaluate the City and District's 
existing wastewater collection system and associated facilities. The planning criteria serves as the basis for 
identifying existing system deficiencies and to size future improvements. The planning criteria address the 
collection system capacity, acceptable gravity sewer pipe slopes, maximum allowable depth of flow, 
design velocities, and changes in pipe size. 

3.1 Gravity Sewer Criteria 
Gravity sewer pipe capacities are dependent on many factors, such as pipe roughness, the chosen 
maximum allowable depth of flow, pipeline velocity, and slope. The following sections describe the factors 
that account for the determination of existing and future pipeline capacities in the City and District's 
collection system. 

3.1.1 Manning's Coefficient (n) 
The Manning's coefficient "n" is a friction coefficient that represents resistance to flow and varies based 
on pipe material and condition, smoothness of joints, root intrusion, and other factors. For sewer pipes, 
the Manning's coefficient typically ranges between 0.011 and 0.017, with 0.013 being a representative 
value used for planning purposes. Due to unknown conditions of existing pipelines, a Manning's 
coefficient of 0.013 was applied to all existing collection system pipelines. The evaluation of all proposed 
future pipelines was based on using a Manning's coefficient of 0.013. 

3.1.2 Peak Flow Depth Criteria 
The primary criterion used to identify pipeline capacity deficiencies or to size new sewer improvements is 
the peak flow depth criteria, which is represented by the depth to diameter (d/D) ratio (depth of flow, d, 
to pipe diameter, D, ratio). For example, a maximum d/D of 0.5 means that the maximum flow depth can 
be half (50 percent) of the pipe diameter. Based on Carollo's experience and discussion with City staff, the 
following criteria were recommended. 

 Flow depth criteria for existing sewers: 

» Maximum flow depth criteria for existing sewers are established based on several factors, 
including the acceptable risk tolerance for the utility, local standards and codes, and other factors. 
Using a conservative d/D ratio when evaluating sewers may lead to unnecessary replacement of 
existing pipelines. Conversely, lenient flow-depth criteria could increase the risk of sanitary sewer 
overflows. Ultimately, the maximum allowable flow-depth criteria should be established to be as 
cost-effective as possible, while at the same time reducing the risk of sanitary sewer overflows to 
the greatest extent possible. For the City and District, under peak wet weather flow (PWWF) 
conditions, the maximum allowable d/D is 0.75 for all existing pipelines. 

 Flow depth criteria for new sewers: 

» When sizing new sewer pipelines, it is common practice to adopt variable flow depth criteria for 
various pipe sizes. Design d/D ratios typically range from 0.50 to 0.92, with lower values typically 
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used for smaller pipes, which may experience flow peaks greater than design flow or blockages 
from debris, paper, or rags. For all new pipelines, the maximum design d/D value is 0.50, based on 
BO PWWF conditions, unless otherwise approved by the City. 

3.1.3 Design Velocities and Minimum Slope 
To minimize the settlement of sewage solids, it is industry standard to specify a minimum velocity of 
2 feet per second (fps). At this velocity, the sewer flow will provide self-cleaning of the pipe. Table 3.1 lists 
the recommended minimum slopes for new pipes to maintain a minimum velocity of 2 fps. 

Table 3.1 Minimum Slope for New Pipes 

Pipe Diameter (inches) Recommended Minimum Slope(1) (feet/feet) 
6 0.0049 
8 0.0033 

10 0.0025 
12 0.0020 
15 0.0015 
18 0.0012 
21 0.0009 
24 0.0008 
27 0.0007 
30 0.0006 
36 0.0005 
42 0.0005 

Notes: 
(1) Minimum slope values are based on pipeline flowing half full and a minimum velocity of 2 fps. 

3.1.4 Changes in Pipe Size 
When a smaller sewer joins a larger one, the invert of the larger sewer should be lowered sufficiently to 
maintain the same energy gradient. An approximate method for securing these results is to place the 
80 percent depth point of both sewers at the same elevation. For planning purposes, sewer crowns for 
new/proposed pipelines are matched at the manholes. 

3.2 Lift Stations and Force Mains 
EWA conducted a 2023 Remote Comprehensive Asset Management Plan (R-CAMP), which summarizes all 
the lift station capacities within the collection system, including design capacity and the number and 
capacity of each pump. Industry standard practice is to require that sewage pump/lift stations have 
sufficient capacity to pump peak flows with the largest pump out of service (firm capacity). For the 
purpose of this study, the design capacity stated in the 2023 R-CAMP was used as "firm capacity" to 
compare peak flows to. 
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CHAPTER 4 WASTEWATER FLOWS 
This Chapter summarizes the City and District's existing and projected wastewater flows. Included is a 
discussion on various flow components used for the hydraulic analysis of the collection system and a 
summary of the data collected as part of the temporary flow monitoring program. 

4.1 Wastewater Flow Components 
The terminology used for the hydraulic analysis of the wastewater collection system is summarized in this 
section. Wastewater flows vary according to season and generally consist of dry weather flow (DWF) and 
wet weather flow (WWF). Figure 4.1 illustrates the various flow components of wastewater in general, 
which are described in detail below: 

 Base Wastewater Flow (BWF): 

» The BWF is the flow generated by the City and District's customers independent of groundwater 
and wet weather influences. BWF is estimated by measuring flows during dry weather conditions. 
The flow has a diurnal pattern that varies depending on the type of use. Commercial and 
industrial patterns, though they vary depending on the type of use, typically have consistently 
higher flows during business hours and lower flows at night. Furthermore, the diurnal flow pattern 
experienced during a weekend may vary from the diurnal flow experienced during a weekday. 

 Average Annual Flow: 

» The average annual flow is the average flow that occurs on a daily basis throughout the year, 
including both periods of dry and wet weather conditions. 

 Average Dry Weather Flow (ADWF): 

» The ADWF is the average flow that occurs on a daily basis during the dry weather season. The 
ADWF includes the BWF generated by the City and District's residential and commercial users, 
plus the dry weather groundwater infiltration (GWI) component. 

 GWI: 

» GWI is the result of extraneous water entering the sewer system through defects in pipes and 
manholes. GWI is related to the condition of the sewer pipes, manholes, and groundwater levels. 
GWI may occur throughout the year, although rates are typically higher in the late winter and 
early spring. Dry weather GWI (or base infiltration) cannot easily be separated from BWF by flow 
measurement techniques. Therefore, dry weather GWI is typically grouped with BWF. 
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Notes: This figure is not based on flow data specific to the City or this Master Plan. 

Figure 4.1 Typical Wastewater Flow Components 

 Rainfall-Derived Inflow and Infiltration (RDII): 

» Wet weather infiltration and inflow (I/I) cause flows in the collection system to increase. Infiltration 
is defined as stormwater flows that enter the sewer system by percolating through the soil and 
then through defects in pipelines, manholes, and joints. Examples of infiltration entry points are 
cracks in pipelines, misaligned joints, and root penetration. Inflow is defined as stormwater that 
enters the sewer system via storm drain cross connections, leaky manhole covers, or cleanouts. 
Examples of inflow entry points are roof drain and downspout connections, leaky manhole covers, 
and illegal storm drain connections. Some of the most common sources of I/I are shown on 
Figure 4.2. The adverse effects of I/I entering the sewer system is that it increases both the peak 
flow as well as the total volume, as illustrated on Figure 4.3. 



SEWER MASTER PLAN 
MAY 2025 / FINAL / CAROLLO 

CITY OF VISTA AND BUENA SANITATION DISTRICT 4-3 

 PWWF: 

» PWWF is the highest observed flow that occurs following a design storm event and is typically 
used for designing sewers, lift stations, and some unit processes in a treatment plant. Therefore, 
the PWWF and the "Design Flow" are synonymous and will be used interchangeably throughout 
this report. 

 Maximum Monthly Flow: 

» Maximum monthly flows are calculated as the highest consecutive 30-day average daily flow that 
occurs in a calendar year. 

 Peak Hourly Flow: 

» Peak hourly flow is the maximum flow rate that occurs in a one hour period and immediately 
follows large storm events mainly due to inflow. 

4.2 Temporary Flow Monitoring Program 
Carollo contracted with K-Flow to conduct a temporary flow monitoring program within the City and 
District's wastewater collection system. K-Flow prepared the stand-alone "Flow Monitoring and 
Infiltration/Inflow Study" report, which is included in Appendix A. Flow monitoring was performed over a 
five-week period from January 30 to March 10, 2024, at 20 flow monitoring sites. 

The flow monitoring study helped identify baseline and peak sewer flows. Data collected from the flow 
monitoring program was used to calibrate the collection system hydraulic model for DWFs and WWFs and 
to help to identify areas of the system with the highest rates of I/I. In addition to the temporary 
flowmeters, the City and District have several permanent ADS flowmeters. Those locations were also used 
to calibrate the hydraulic model. 

4.2.1 Flow Monitoring Sites and Tributary Areas 
A total of 20 flowmeters were installed at locations selected by Carollo and the City. The meter sites were 
selected to capture flows entering and leaving the service area. Table 4.1 lists the flow monitoring 
locations and the pipe diameters where the meters were installed. In addition to the 20 temporary 
flowmeters, the City and District have permanent flow meters at key locations in the system. The table 
includes temporary and permanent flowmeters. The permanent ADS meters were used to validate the 
modeled flows entering the lift stations and treatment plants. Figure 4.4 shows the flowmeter locations 
and their tributary areas. Figure 4.5 provides a schematic illustration of the flow monitoring locations. 
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Table 4.1 Flow Monitoring Locations 

Monitoring 
Site 

Pipe Diameter 
(inches) Location 

FM-01 31 275 feet northwest of the intersection of Vista Village Drive and Hacienda Drive 
FM-02 17.5 Northwest region of parking area behind Paseo Pointe Apartments (325 South Santa Fe 

Avenue) 
FM-03 26 Southeast area of parking lot behind Cinepolis Cinemas Vista Village (25 Main Street) 
FM-04 8 145 North Melrose Drive, approximately 385 feet north of Vista Way, in suicide lane 
FM-05 24 Walking pathway behind parking lot serving 1958 Via Centre 
FM-06 12 North line entering pump station, approximately 485 feet west of Melrose and Aspen 
FM-07 24.25 Green Oak Road, approximately 305 feet west of Sandy Lane 
FM-08 18 Buena Vista Park, North of Aqua Hedionda Creek, approximately 650 feet east of Melrose 

Drive 
FM-09 23 Buena Vista Park, south of Aqua Hedionda Creek, approximately 1,360 feet east of Melrose 

Drive 
FM-10 15 Paperbark Plaza, near retaining wall at parking stalls, between Dollar Tree and Goodwill 

Store 
FM-11 17 Behind 760 Sycamore Avenue (Pinsarella Pizza) 
FM-12 36 Costco Parking Lot, 1755 Hacienda Drive 
FM-13 14 145 North Melrose Drive, approximately 360 feet north of Vista Way, in 2nd (middle) 

northbound lane 
FM-14 7.75 1800 York Drive, between Montgomery Drive and Devon Place 
FM-15 8.25 922 Tiger Trail Drive, east of Eucalyptus Avenue 
FM-16 9.875 Eastbound, left-hand turn lane, University Drive, 270 feet west of Sycamore Avenue 
FM-17 12 Suicide lane on Hacienda Drive, 75 feet southwest of Evelyn Lane 
FM-18 10 2190 Buena Creek Road 
FM-19 15 Santa Fe Avenue at Los Angeles/Townsite, south crosswalk 
FM-20 12 Off-road, northeast corner of Melrose Drive and Willowbrook Drive 
BVPS 36 Buena Vista Pump Station Inflow 

B1 30 EWPCF Inflow 
B2 24 Engineer Street and La Mirada Drive 
B4 24 6117 Paseo Del Norte 

OS1 36 Haymar Drive and Luiseno Way 
QC1 27 Haymar Drive and Luiseno Way 
V2 10 South Melrose Drive and Aspen Way 
V4 14 6117 Paseo Del Norte 
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Figure 4.2 Typical Sources of I/I 
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Figure 4.3 Typical Effects of I/I  
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Figure 4.5 Flow Monitoring Schematic
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4.2.2 Flowmeter Installation and Flow Calculation 
K-Flow installed 20 HACH FL900 submerged flowmeters for temporary monitoring within the collection 
system. The FL900 submerged sensors use a pressure transducer to collect depth readings and an 
ultrasonic Doppler sensor to determine the average fluid velocity. The ultrasonic sensor emits 
high-frequency sound waves, which are reflected by air bubbles and suspended particles in the flow. The 
sensor receives the reflected signal and determines the Doppler frequency shift, which indicates the 
estimated average flow velocity. During installation, the sensor may be offset to one side of the sewer to 
lessen the chances of fouling and sedimentation where these problems are expected to occur. Manual 
level and velocity measurements were taken during the installation of the flowmeters and again when 
they were removed and compared to simultaneous level and velocity readings from the flowmeters to 
provide proper calibration and accuracy. 

Data retrieved from the flowmeters were placed into a spreadsheet program for analysis. Data analysis 
included data comparison to field calibration measurements, as well as necessary geometric adjustments 
as required for sediment (sediment reduces the pipe's wetted cross-sectional area available to carry flow). 
The flow at each meter was calculated at 5-minute intervals based on the continuity equation: 

𝑄𝑄 =  𝑉𝑉 𝑥𝑥 𝐴𝐴 =  𝑉𝑉 𝑥𝑥 (𝐴𝐴𝐴𝐴 − 𝐴𝐴𝐴𝐴) 

Where: 

Q = Pipeline flow rate, cubic feet per second. 

V = Average velocity, fps. 

A = Cross-sectional flow area, sq ft. 

AT = Total cross-sectional area with both wastewater and sediment. 

AS = Cross-sectional area of sediment. 

Finally, the 5-minute flow, velocity, and level data were aggregated into 15-minute increments. 

4.2.3 Rainfall Collection 
K-Flow collected data from 39 publicly available private weather stations on Weather Underground. The 
best 20 locations were chosen to supplement the data and analysis for the study, allowing for good 
coverage over the flow monitoring area that has a diverse range of topographic features. The rain gauge 
sites are shown on Figure 4.4. 

4.3 Flow Monitoring Program Results 
This section summarizes the results of the flow monitoring program, including DWF data, rainfall data, 
and WWF data. Appendix A includes additional data summaries and other information associated with the 
temporary flow monitoring program. 

4.3.1 Dry Weather Flow Data 
During the five-week flow monitoring period, flow, depth, and velocity data were collected at each meter 
at 15-minute intervals. Carollo aggregated the 15-minute data to hourly data for use in the hydraulic 
model. Characteristic dry weather 24-hour diurnal flow patterns for each site were developed based on 
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the hourly data. This hourly flow data was then used to calibrate the hydraulic model for the observed 
DWFs during the flow monitoring period. 

For this flow monitoring program, K-Flow developed four ADWF curves for each site location (Monday 
through Thursday, Friday, Saturday, and Sunday). Hourly patterns were separated this way to better 
understand how the DWFs vary day to day, as flows often differ on Friday evenings compared to Monday 
through Thursday. Similarly, Saturday and Sunday flow patterns were unique during the evening. K-Flow 
used data from days least affected by rainfall to estimate the weekday and weekend ADWF. 

Figure 4.6 illustrates the system-wide diurnal variation of Monday through Thursday; Friday, Saturday, and 
Sunday flows in the City and District's wastewater collection system, based on the data collected from 
K-Flow's flow monitoring program. Appendix A includes the ADWF diurnal patterns for each flow 
monitoring site. 

 
Figure 4.6 System Wide ADWF Variation 

As shown on Figure 4.6, flow patterns differ according to the day of the week. DWF for Monday through 
Thursday and Sunday experienced the greatest peak during evening hours, while Friday and Saturday 
show a decreased evening peak. Also Saturday and Sunday show a delayed morning peak compared to 
weekdays. Similar graphics associated with each flow monitoring site are included in Appendix A. In 
addition, K-Flow provided estimates for the average weekday and weekend levels and velocities at each 
site, which are used for dry weather calibration. Table 4.2 summarizes the DWFs at each meter site. 
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Table 4.2 DWF Summary 

Site 
DWF (mgd)(1,2) 

Monday-Thursday Friday Saturday Sunday Overall(3) 
FM-01 3.05 3.03 3.02 3.17 3.06 
FM-02 0.34 0.34 0.34 0.35 0.34 
FM-03 1.67 1.66 1.74 1.78 1.70 
FM-04 0.13 0.11 0.13 0.14 0.13 
FM-05 0.56 0.54 0.54 0.57 0.55 
FM-06 0.06 0.06 0.05 0.05 0.06 
FM-07 1.11 1.09 1.13 1.17 1.12 
FM-08 0.47 0.44 0.47 0.47 0.47 
FM-09 1.773 1.795 1.758 1.791 1.78 
FM-10 0.84 0.86 0.89 0.89 0.86 
FM-11 0.64 0.64 0.68 0.72 0.66 
FM-12 3.96 3.92 4.02 4.30 4.01 
FM-13 0.29 0.28 0.31 0.30 0.29 
FM-14 0.04 0.04 0.04 0.04 0.04 
FM-15 0.09 0.10 0.10 0.11 0.10 
FM-16 0.05 0.04 0.04 0.05 0.05 
FM-17 0.11 0.11 0.11 0.11 0.11 
FM-18 0.07 0.07 0.07 0.07 0.07 
FM-19 0.76 0.76 0.76 0.81 0.77 
FM-20 0.22 0.22 0.24 0.24 0.23 

FM04+FM13(4) 0.41 0.39 0.44 0.44 0.42 
System 7.03 6.97 7.07 7.43 7.09 

Notes: 
(1) Source: K-Flow 2024 Sewer Flow Monitoring and RDII Study (Appendix A). 
(2) This is the actual (cumulative) measured flow through each flowmeter and includes flow from any upstream flowmeters. 
(3) Overall DWF = [4 x (Monday - Thursday) + (Friday) + 2 x Weekend]/7. 
(4) FM04 and FM13 were combined due to upstream cross-connections between the two sets of basins. 

4.3.2 Rainfall Data 
The rainfall data collected by K-Flow was used to correlate the RDII response observed in the collection 
system to specific storm recurrence intervals. Two main rainfall events were captured during the flow 
monitoring program (February 1-3, 2024, February 5-10, 2024), which elicited an RDII response 
throughout the collection system. The twenty rain gauges recorded between 1.07 and 2.85 inches during 
the first storm event and between 3.94 and 5.42 during the second storm. A total of 6.90 to 9.81 inches 
was recorded during the entire flow monitoring program. Table 4.3 summarizes the rainfall data. 
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Table 4.3 Rainfall Summary(1) 

Rain Gauge 
Name 

Total Rainfall (Flow Monitoring 
Program) 
(inches) 

February 5-7, 2024, Storm Event 
(3-day) 

February 1-10, 2024, Storm Event 
(7-day) 

Rainfall  
(inches) 

Storm Event 
Classification(2) 

Rainfall  
(inches) 

Storm Event 
Classification(2) 

A 8.95 5.13 21-year event 7.31 23-year event 
B 7.71 4.36 9-year event 6.07 10-year event 
C 9.33 5.04 16-year event 7.4 21-year event 
D 8.12 4.36 9-year event 6.47 12-year event 
E 8.93 4.92 16-year event 7.24 20-year event 
F 9.86 5.06 17-year event 7.31 21-year event 
G 8.99 4.38 7-year event 7 13-year event 
H 9.81 5.02 15-year event 7.71 22-year event 
I 9.25 4.72 10-year event 7.64 22-year event 
J 9.10 5.07 14-year event 7.08 14-year event 
K 9.76 5.10 16-year event 8.02 28-year event 
L 9.79 4.91 13-year event 8.13 28-year event 
M 8.89 4.29 8-year event 6.92 13-year event 
N 7.37 4.26 9-year event 5.93 9-year event 
O 7.43 4.12 6-year event 5.77 7-year event 
P 8.68 4.90 13-year event 6.92 14-year event 
Q 7.68 3.85 5-year event 5.88 7-year event 
R 6.90 3.59 5-year event 5.1 5-year event 
S 7.28 3.51 4-year event 5.27 5-year event 
T 8.07 3.80 4-year event 5.93 6-year event 

Notes: 
(1) Source: K-Flow 2024 Sewer Flow Monitoring and RDII Study (Appendix A). 
(2) Based on NOAA Atlas 14 classification for each location. 

It is important to classify the size of any major storm event captured during the flow monitoring period. 
NOAA Atlas 14 provides precipitation frequency estimates for the United States based on historical rainfall 
data and serves as the industry standard for determining total rainfall depth at specified frequencies and 
durations. NOAA Atlas 14 provides precipitation frequency estimates for 5-minute through 60-day 
durations at average recurrence intervals of 1 year through 1,000 years. 

The largest storm event classification for the February 5-10, 2024 storm event is listed in Table 4.3 for each 
rain gauge site. As shown in Table 4.3, the largest classification recorded was a 21.1-year storm event at 
Rain Gauge A. In terms of the 3-day duration storm, the February 5-10, 2024 rainfall event is classified as a 
10.9-year event system-wide. 

4.3.3 Wet Weather Flow Data 
The flow monitoring data was also evaluated to determine how the collection system responds to wet 
weather events. As mentioned above, the most significant rainfall event captured during the flow 
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monitoring program was the February 5-10, 2024 rainfall event, which was used for the RDII analysis and 
model calibration. Figure 4.7 shows an example of the wet weather response at flowmeter FM-5 during 
the February 5-10, 2024, storm event. The white area below the black line is the calculated ADWF 
(baseline flow). The RDII contribution (red area) is essentially the real-time flow minus the calculated 
ADWF. The results show that inflow is the major contributor to I/I within the City, as indicated by the sharp 
increase in flow in response to rainfall, which then returns to baseline flows quickly after the rainfall stops. 
Additional wet weather monitoring results for all flowmeter sites can be found in Appendix A. 

 
Figure 4.7 Example WWF Response (Site FM-5) 

4.3.4 Inflow/Infiltration Analysis 
This section summarizes the findings from K-Flow's RDII analysis, provided in Appendix A, which was 
completed for the flowmeters installed as part of the temporary flow monitoring program. The I/I analysis 
was also combined for downstream sites FM-04 and FM-13 due to upstream cross connections between 
the two sets of basins. 

4.3.4.1 Peak Inflow 

As discussed earlier in this Chapter, inflow is storm water discharged into the sewer system through direct 
connections such as downspouts, area drains, cross connections to catch basins, etc. These sources 
transport rainwater directly into the sewer system and the corresponding flow rates from these direct 
connections are closely related to the intensity of the storm. Inflow causes peak flow problems that often 
dictate downstream pipeline and lift station capacity. 

Table 4.4 summarizes the inflow analysis results. Peak inflow rates for all sites were measured for the 
February 5-10, 2024 storm event, since this was the most significant rain event captured during the flow 
monitoring program. The peak inflow rate was compared to the ADWF and basin acreage. This 
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"normalizes" the results so that basins can be compared (and ranked) on an apples-to-apples basis, which 
is helpful in targeting basins for rehabilitation. Based on the inflow analysis, Basins FM-02, FM-05, 
FM-04/13, FM-15, and FM-17 had the highest, normalized peak I/I rates per acre, indicating these basins 
have higher inflow compared to other basins. 

Table 4.4 Inflow Analysis Summary(1) 

Site ADWF 
(mgd)(2) 

Basin Acreage 
(acres) 

Peak Inflow 
Rate (mgd) 

Peak Inflow per 
Acre Ranking(3) 

Peak Inflow per 
ADWF Ranking(3) 

Final Inflow 
Ranking(3) 

FM-01 3.06 693 0.13 17 17 17 
FM-02 0.34 965 1.11 7 5 4 
FM-03 1.7 1,764 0.96 12 14 14 
FM-05 0.55 814 1.66 5 8 5 
FM-06 0.06 352 0.19 14 4 8 
FM-07 1.12 722 0.17 16 18 18 
FM-08 0.47 1,025 0.74 9 13 12 
FM-09 1.78 1,431 0.85 11 15 15 
FM-10 0.86 2,115 0.80 15 16 16 
FM-11 0.66 1,126 1.34 6 9 6 
FM-12 4.01 914 0.06 19 19 19 
FM-14 0.04 241 0.13 13 6 9 
FM-15 0.1 177 0.43 3 1 1 
FM-16 0.05 95 0.08 8 12 11 
FM-17 0.11 81 0.44 1 3 3 
FM-18 0.07 1,925 0.21 18 7 13 
FM-19 0.77 760 1.67 4 11 7 
FM-20 0.23 905 0.54 10 10 10 

FM04+FM13 0.42 474 1.78 2 2 2 
System 7.09 16,579 12.15 N/A N/A N/A 

Notes: 
N/A - not applicable 
(1) Source: K-Flow 2024 Sewer Flow Monitoring and Inflow/Infiltration Study (Appendix A). 
(2) This is the ADWF generated within each tributary basin and does not include ADWF generated in upstream flowmeter 

basins. 
(3) Ranking of 1 represents most inflow after normalization. 

4.3.4.2 Rain-Dependent Infiltration (RDI) 

RDI is water that enters the sanitary sewer system through defects in pipes, joints, and manholes, which 
may include cracks, offset joints, root intrusions, and broken pipes. Increased flows into the sanitary sewer 
system are usually tied to groundwater levels and soil saturation levels. RDI enters the system indirectly 
and is characterized by flows that increase gradually, are typically sustained for a period after the rainfall 
has stopped, and then gradually drop off as soils become less saturated and groundwater levels recede to 
normal. Infiltration typically creates long-term annual volumetric problems. The major impact of RDI is the 
cost of pumping and treating the additional volume of water. 
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Table 4.5 summarizes the RDI analysis results. The basins FM-01, FM-02, FM-05, FM-06, and FM-19 have 
the highest weighted, normalized RDI rates, an indicator of high sustained RDI post storm event within 
the flow monitoring basin. 

Table 4.5 RDI Analysis Summary(1) 

Site ADWF 
(mgd)(2) 

Basin 
Acreage 

RDI Rate 
(mgd) 

RDI per Acre 
Ranking(3) 

RDI per ADWF 
Ranking(3) 

Final RDI 
Ranking(3) 

FM-01 3.06 693 0.31 1 1 1 
FM-02 0.34 965 0.27 5 2 2 
FM-03 1.7 1,764 0.16 14 15 15 
FM-05 0.55 814 0.28 4 4 4 
FM-06 0.06 352 0.04 9 3 5 
FM-07 1.12 722 0.07 13 17 16 
FM-08 0.47 1,025 0.19 8 6 7 
FM-09 1.78 1,431 0.16 10 13 11 
FM-10 0.86 2,115 0.10 16 18 18 
FM-11 0.66 1,126 0.12 11 12 10 
FM-12 4.01 914 0.09 12 14 14 
FM-14 0.04 241 0.01 15 9 12 
FM-15 0.1 177 0.04 7 8 8 
FM-16 0.05 95 0.002 18 19 19 
FM-17 0.11 81 0.03 3 10 6 
FM-18 0.07 1,925 0.03 19 7 13 
FM-19 0.77 760 0.33 2 5 3 
FM-20 0.23 905 0.04 17 16 17 

FM04+FM13 0.42 474 0.11 6 11 9 
System 7.09 16,579 2.37 N/A N/A N/A 

Notes: 
(1) Source: K-Flow 2024 Sewer Flow Monitoring and Inflow/Infiltration Study (Appendix A). 
(2) This is the ADWF generated within each tributary basin and does not include ADWF generated in upstream flowmeter 

basins. 
(3) Ranking of 1 represents most inflow after normalization. 

4.3.4.3 Combined Inflow/Infiltration 

The combined I/I analysis considers the total volume (in gallons) of both inflow and RDI over the period of 
a storm event or over the entirety of the flow monitoring season. Where peak RDII (inflow) and RDI 
analyses are more spot measurements (inflow is an instantaneous peak, RDI measures a 24-hour average 
flow), total RDII combines both components, totalizing all RDII that enters the collection system. 

Table 4.6 summarizes the total RDII analysis results. Basins FM-01, FM-02, FM-05, FM-04/13, and FM-15 
had the highest weighted, normalized total RDII rates, and indicator of high total RDII upstream from the 
flow monitoring basin. 
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Table 4.6 Total RDII Analysis Summary(1) 

Site ADWF 
(mgd)(2) 

Basin 
Acreage 
(acres) 

Total RDII 
(gallons) 

R-
Value 
(%) 

Total RDII per 
Acre Ranking(3) 

Total RDII per 
ADWF Ranking(3) 

Final Total RDII 
Ranking(3) 

FM-01 3.06 693 1,332,000 1.33 4 1 1 
FM-02 0.34 965 1,196,000 0.86 7 3 2 
FM-03 1.7 1,764 1,092,000 0.45 12 14 13 
FM-05 0.55 814 1,380,000 1.21 5 6 4 
FM-06 0.06 352 166,000 0.39 13 2 8 
FM-07 1.12 722 161,000 0.17 17 19 19 
FM-08 0.47 1,025 706,000 0.51 10 13 12 
FM-09 1.78 1,431 791,000 0.46 11 15 14 
FM-10 0.86 2,115 549,000 0.20 16 17 17 
FM-11 0.66 1,126 1,106,000 0.75 8 7 9 
FM-12 4.01 914 773,000 0.60 9 11 11 
FM-14 0.04 241 127,000 0.37 14 5 10 
FM-15 0.1 177 291,000 1.17 6 4 3 
FM-16 0.05 95 19,000 0.15 18 18 18 
FM-17 0.11 81 184,000 1.55 2 12 7 
FM-18 0.07 1,925 147,000 0.06 19 9 15 
FM-19 0.77 760 1,518,000 1.58 1 10 6 
FM-20 0.23 905 250,000 0.21 15 16 16 

FM04+FM13 0.42 474 917,000 1.45 3 8 5 
System 7.09 16,579 12,706,000 0.57 N/A N/A N/A 

Notes: 
(1) Source: K-Flow 2024 Sewer Flow Monitoring and Inflow/Infiltration Study (Appendix A). 
(2) This is the ADWF generated within each tributary basin and does not include ADWF generated in upstream flowmeter 

basins. 
(3) Ranking of 1 represents most inflow after normalization. 

4.3.4.4 Groundwater Infiltration 

DWF data was also evaluated to determine the impact (if any) of dry weather GWI on the collection 
system. DWF usually has a predictable diurnal flow pattern. While each site is unique, experience has 
shown that, given a reasonable volume of flow and typical loading conditions, the daily flows fall into a 
predictable range when compared to the daily average flow. If a site has a large percentage of GWI 
occurring during periods of DWF measurement, the amplitudes of the peak and low flows will be 
dampened. 

It can be useful to compare the low-to-ADWF flow rations for the flow monitoring sites. A site with 
abnormal ratios, and with no other reasons to suspect abnormal flow patterns (such as proximity to a 
pump station, treatment facilities, etc.) has a possibility of higher levels of GWI in comparison to the rest 
of the collection system. 
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Figure 4.8 (Figure 40 from Appendix A) shows the low-to-ADWF flow ratios against the ADWF flows for 
the relevant flow monitoring sites. This figure is also presented in the K-Flow report that is located in 
Appendix A. Probable elevated GWI was noted at basins FM-10, FM-15, and FM-18. The GWI rates were 
higher than typical standards, indicating probable elevated GWI rates. While possible elevated GWI was 
noted for Basins FM-03, FM-05, FM-11, FM-17, and FM-20. These basins had slightly higher than typical 
standard rates were seen, indicating possible elevated GWI rates. 

 
Figure 4.8 Minimum Flow Ratios Versus ADWF 

4.3.5 Peak Measured Flows 
Table 4.7 summarizes the peak flow rates and measured depth of flow observed during the flow 
monitoring period. As shown, four sites had peaking factors greater than 5.0. The highest peaking factor 
was 6.0 at site FM-06. 

Table 4.7 Capacity Analysis Summary(1) 

Site ADWF (mgd)(2) Peak Measured 
Flow (mgd) Peaking Factor Pipe Diameter, 

D (inches) 
Maximum 
Depth, d, 
(inches) 

Maximum d/D 
Ratio 

FM-01 3.06 8.06 2.6 31 16.8 0.54 
FM-02 0.34 1.473 4.4 17.5 7.2 0.41 
FM-03 1.7 4.094 2.4 26 8.9 0.34 
FM-04 0.13 0.597 4.7 8 5.9 0.74 
FM-05 0.55 2.209 4.0 24 8.3 0.35 
FM-06 0.06 0.227 6.0 12 4.0 0.34 
FM-07 1.12 3.064 2.8 24.25 14.6 0.60 
FM-08 0.47 1.317 2.8 18 8.9 0.50 
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Site ADWF (mgd)(2) Peak Measured 
Flow (mgd) Peaking Factor Pipe Diameter, 

D (inches) 
Maximum 
Depth, d, 
(inches) 

Maximum d/D 
Ratio 

FM-09 1.78 4.520 2.6 23 13.2 0.58 
FM-10 0.86 1.701 2.0 15 5.2 0.35 
FM-11 0.66 2.405 3.7 17 7.7 0.46 
FM-12 4.01 10.255 2.6 36 18.4 0.51 
FM-13 0.29 1.601 5.5 14 6.6 0.47 
FM-14 0.04 0.178 4.3 7.75 3.4 0.43 
FM-15 0.1 0.529 5.6 8.25 4.9 0.61 
FM-16 0.05 0.160 3.5 9.875 3.1 0.31 
FM-17 0.11 0.494 4.4 12 3.7 0.31 
FM-18 0.07 0.251 3.6 10 3.8 0.38 
FM-19 0.77 2.559 3.3 15 12.0 0.81 
FM-20 0.23 0.755 4.9 12 5.5 0.47 

FM04+FM13 0.42 2.198 5.3 N/A N/A N/A 
System 7.09 19.849 2.8 N/A N/A N/A 

Notes: 
(1) Source: K-Flow 2024 Sewer Flow Monitoring and Inflow/Infiltration Study (Appendix A). 
(2) This is the actual (cumulative) measured flow through each flowmeter and includes flow from any upstream flowmeters. 

It should also be noted that the values listed in Table 4.6 represent values measured during the flow 
monitoring period only. Design peak flows, based on a 10-year, 24-hour design storm event (as discussed 
in Chapter 3), are expected to exceed those provided in Table 4.6. 

4.3.5.1 Infiltration and Inflow Reduction 

Basins that have high rates of I/I could be investigated and possibly benefit from I/I mitigation techniques. 
There are a variety of I/I reduction techniques that could be used, that range from point repairs to 
manhole rehabilitation to sewer main and lateral lining. The mitigation technique should be determined 
based on whether a basin has direct inflow or infiltration. For example, it was determined during the flow 
monitoring that there was possible infiltration near FM-07, which is located near Agua Hedionda Creek. 
For that location, a possible I/I mitigation technique could be a point repair, followed by sewer main lining 
since this is located near a creek crossing. 

Completing I/I mitigation projects at strategic locations throughout the collection system could decrease 
the overall I/I and potentially lead to eliminating some capacity deficiencies. The flow monitoring program 
determined which basins had the highest rates of I/I, but further investigation is required to determine the 
source of I/I within those basins. Determining the source of the I/I is imperative in choosing a mitigation 
technique. Techniques for determining areas with high rates of I/I include the following: 

 Micro-basin flow monitoring: The flow monitoring program completed as part of this Master Plan 
serves as a starting point to identify areas of the system with the highest rates of I/I. By installing 
multiple meters within a particular target area, the City and District will be able to isolate multiple 
subareas to more precisely determine where the highest rates of RDII are actually entering the system. 
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 Field reconnaissance: The City and District could also perform nighttime I/I reconnaissance in 
conjunction with the micro-basin flow monitoring activities. The purpose of the reconnaissance is to 
help locate direct inflow sources and to identify areas with high levels of GWI. 

 Smoke testing: Using the results of the micro-basin flow monitoring activities, the City and District can 
target specific areas of the collection system for further investigation to identify and eliminate the 
major sources of I/I into the collection system. A method that is commonly used for this purpose is 
smoke testing. 

Smoke testing is a fast and economical method commonly used to identify sources of I/I into sanitary 
sewer systems. A typical smoke test is performed by a crew of two or three people on two sewer main 
segments (three sanitary sewer manholes), although tests can be performed on one sewer main 
segment (two sanitary sewer manholes) if needed. 

One crew member is stationed at the central manhole and is responsible for operating the blower and 
smoke device. The portable blower is designed specifically for this application and is mounted on 
appropriate seals and adaptors to prevent the loss of smoke at the blower. The smoke generated is 
typically white or gray and is non-toxic, non-explosive, and does not leave a residue. Plugs can be 
placed in the sewer lines to confine the smoke to certain pipe segments in the event that the smoke 
spreads too far and appears thin. 

The remaining crew member(s) are responsible for inspecting the test area for evidence of smoke, 
filling out field reports, taking photographs, and other related activities. The field reports should be as 
detailed and accurate as possible with explicit directions for locating the observed smoke. Schematic 
drawings and photographs are essential aspects of the documentation process. 

» During the test, smoke may appear from any of the following sources: 
 Roof gutters. 
 Sewer cleanouts. 
 Leakage into building laterals. 
 Foundation or other drains connected to the sewer (e.g., wash down drains). 
 Storm drain cross connections. 
 Cracks in pavement or landscape areas above sewers. 
 Other sources. 

Affected individuals (e.g., homeowners, businesses, etc.) are notified one to two weeks prior to testing. 
Notification includes a description of the test, why the test is being performed, and warnings for 
individuals who should be relocated during the test (e.g., individuals with heart or respiratory 
conditions, or others who should not be exposed to smoke). The local fire and police authorities, and 
other appropriate agencies are also notified. 

Smoke testing should not be performed when the ground is saturated, during rainy or windy days, or 
when the pipeline to be tested is flowing full. For this reason, it is recommended that this type of 
testing be scheduled during the summer months (e.g., May-July) when the ground is less likely to be 
saturated. The smoke testing work can be performed by either a specialty contractor or in-house. 
Should the City or District choose to perform the smoke testing in-house, specialty equipment is 
needed and staff must be trained on how to properly perform the tests. 
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 Closed-circuit television (CCTV): CCTV inspection is another method used to locate potential sources 
of I/I in a collection system. It is recommended that the City and District perform CCTV inspection of 
pipelines before choosing whether to replace or rehabilitate a particular sewer. 

Observed defects from the CCTV inspections (e.g., cracks, roots, grease accumulation, illicit 
connections, observed I/I, misaligned joints) should be used to address structural issues. In addition, 
potential sources of I/I should be addressed based on the observed defects. 

Implementation of an I/I identification and reduction program will result in a reduction in the rate of I/I 
that would otherwise enter the collection system. At the master planning phase, however, it is difficult to 
quantify exactly how much I/I will be achieved through the implementation of the program. 

4.4 Wastewater Flow Projections 
The wastewater flow projections were developed by applying wastewater unit flow rates (residential and 
non-residential) to the vacant areas. In order to develop wastewater flow projections and allocate future 
flow to the collection system, relationships between land use and wastewater generation rates were 
developed. 

Wastewater unit flow rates were developed using several methods: 

 Residential: 

» Existing residential flow rates were developed by using the historical water billing data (used to 
load the model) as well as the permit data from the City that includes the number of equivalent 
dwelling units (EDUs) per permit. In order to calculate the wastewater flow in gallons per day 
(gpd) per EDU, the residential flow was divided by the number of dwelling units. From the water 
billing data, the residential sewer flows (including only single-family) was a total of 4.4 mgd. From 
the permit data, the total single-family residential units is 22,437. Dividing the total flow by the 
residential units produces a single-family flow rate of 196 gpd per DU. It is assumed that the 
multifamily flow rate is approximately 0.7 of the single-family flow rate and, therefore, is 137 gpd 
per DU. 

» Using the single-family flow rate calculated above was then used to determine a wastewater flow 
per person. According to the United States Census Bureau, the number of persons per household 
for the City is 3.07. Dividing the single-family flow rate by the number of persons per household 
results in a per capita usage of approximately 64 gpd per person. An upcoming state regulation 
based on maximum indoor water use suggests a wastewater flow usage of 55 gpd per person. 
Therefore, using the 64 gpd per person (and the flow factors described above) provides a more 
conservative future flow estimate. 

 Non-Residential: 

» The historical water billing data (used to load the model) was assigned to a land use type. The 
total water consumption for commercial and industrial customers was divided by the total 
commercial and industrial acres, respectively, to calculate an average flow per acre for commercial 
areas within the City. This method yielded an average of 1,200 gpd per acre for commercial areas 
and 1,000 gpd per acre for industrial areas. These flow factors were applied to parcels that are 
planned to have either commercial or industrial development. 
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Table 4.9 presents a summary of the existing and 2050 ADWF and PWWFs by basin. The PWWFs 
presented in Table 4.9 assume there are no capacity constraints in the collection system. This is essentially 
the PWWF after the recommended improvements are constructed. It should be noted that these existing 
and projected PWWFs are based on the selected 10-year, 24-hour design storm. The City and District have 
experienced higher flows than these in recent years due to more severe rainfall events such as 
atmospheric river events. 

Table 4.9 Projected Wastewater Flow Summary 

Basin 
Existing (2024) Wastewater Flow (mgd) Projected (2050) Wastewater Flow (mgd) 

ADWF PWWF(1) Future ADWF Future PWWF(1) 
Vista(2) 4.5 19.8 7.2 23.1 
Buena 2.3 7.3 3.5 8.7 

Raceway 0.35 0.96 1.0 1.6 
Outside Agencies(3) 0.86 - 0.97 - 

Total(4) 8.0 28.1 12.7 33.4 
Notes: 
(1) Model-simulated, peak hourly flow generated within the system. Excludes flows entering the system from outside areas. 
(2) ADWF and PWWF in the Vista Basin only includes flow that flows through the V/C sewer to the Buena Vista Pump Station 

and does not include other flows within the basin that flow into outside entities. 
(3) This includes flow within the service area that is sent to the City of Oceanside. 
(4) Total projected flows do not include septic areas. Overall, septic flows add an additional 0.50 mgd ADWF. 
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CHAPTER 5 SANITARY SEWER COLLECTION SYSTEM 
FACILITIES AND HYDRAULIC MODEL 

This chapter describes the update and calibration of the City and District's wastewater collection system 
hydraulic model. It provides a description of the wastewater collection system, and an outline of the steps 
used to develop the model, as well as a detailed summary of the hydraulic model calibration steps and 
results. 

5.1 Collection System Facilities 
The City and District jointly provide sewer services to their residential, commercial, and industrial 
customers within each of their service areas. The overall wastewater collection system includes 
approximately 326 miles of gravity sewer lines that range from 4 inches to 42 inches in diameter, four lift 
stations, and approximately 5.7 miles of force mains. Of the four pump stations, Buena owns the 
Buena Creek Pump Station, Vista owns the Raceway Pump Station, Vista and the City of Carlsbad jointly 
own and operate two large capacity pump stations (Agua Hedionda Lift Station and Buena Vista Pump 
Station), and the associated gravity and force mains. All wastewater generated in Vista's collection system 
discharges to and is treated at the EWPCF or outfalls. Figure 5.1 presents Vista's existing collection system. 

5.1.1 Gravity Sewers 
The combined existing City and District wastewater collection system is comprised of approximately 
326 miles of gravity sewer lines that range from 4 inches to 42 inches in diameter. The City operates 
approximately 216 miles of gravity lines, while the District operates approximately 101 miles of pipeline. 
The remaining 9 miles of pipeline within the system are operated by the Cities of Oceanside/Carlsbad, the 
VWD, and private parties. The collection system gravity pipelines are broken down into the following 
categories: 

 Interceptor sewers. Interceptor sewers are defined as gravity pipelines with diameters of 21 inches 
and greater. 

 Sewer trunks. Trunk sewers are defined as gravity pipelines ranging from 12 to 20 inches in diameter. 

 Sewer mains. Sewer mains consist of gravity pipelines 10 inches in diameter and smaller. 

 




